), Habicht J-P and Niameogo C. The effects of maternal education on child nutritional status depend on sodo-environmental conditions. International Journal of Epidemiology 1996; 25: 585-592. Background. Previous studies have shown an inconsistency in the association between maternal education and child nutritional status across socioeconomlc levels. This may be because the beneficial effects of education are only significant when resources are sufficient but not abundant. Methods. Associations were examined for differences across socioeconomlc levels using data collected from 41 rural communities of Benin for 435 children aged 13-36 months. Village-level indicators of household wealth were used together with child z-scores to partition the sample into three levels of socio-environment relative to conditions more or less conducive to child growth. Results. Using an interactive linear regression model it was shown that for the population of children of women who had no more than 4 years of formal schooling, the association of maternal education and child weight differed significantly across the socio-environments. The relationship was flat and non-significant in the lowest socio-environment, positive and significant (P < 0.05) in intermediate conditions, and weakly positive under the best socio-environment conditions. Among children of mothers attaining higher levels of education, an unexpected negative association was found. It could be that maternal education had enabled women to participate in activities outside the home without simultaneously ensuring adequate child care.
In early studies of child welfare, maternal education was commonly regarded as an indicator of socioeconomic status (SES), or it was incorporated into a composite indicator for SES. Then Caldwell' demonstrated that mother's education was a stronger determinant of child survivorship than other characteristics more closely related to household economics. Since then, a number of studies have supported this finding, showing that the magnitude and significance of the effect of maternal education can exceed the income effect. 2 " 6 On the other hand, some studies have shown inconsistent effects. 7 " 9 Bairagi and Solon found that while education had a positive effect in the richer segment of their study populations, it had no effect in the poorer segments.
7 ' 8 Doan showed that in a sample divided into four income groups, only the status of the children in the intermediate groups improved with maternal education; no benefit was apparent in the poorest or the wealthiest quartiles. It is not surprising that studies have uncovered interactive effects between socioeconomic conditions and maternal education, neither is the apparent lack of consistency in these studies' outcomes necessarily contradictory. If insufficient physical resources are available to a woman it is unlikely that education could make much difference, likewise, it is possible that in conditions of relatively abundant resources maternal education could be less critical. Differences within and across studies may merely reflect a difference in the range of poverty sampled. Doan's population spanned a wide range. The Bairagi sample, on the other hand, captured only the low and middle levels.
The current study uses data from a cross-sectional survey of the District of Ouidah in the West African country of Benin. Relevant significant findings from the original analysis reported elsewhere 10 included that nutritional status for children in the age category of 13-36 months improved with increased maternal knowledge of child nutrition and health, and that the effects of increased maternal education were mediated through an increase in this knowledge. The modifying effects of SES were not examined. This paper investigates these modifying effects.
The hypotheses to be pursued are that mothers of the least means, living in adverse conditions with inadequate resources, are unable to successfully apply their education to benefit their children. Further, that within households of adequate means, there are enough positive environmental factors present such that maternal behaviour based on her education does not significantly improve child nutritional status. The children expected to benefit from maternal education are those from households of intermediate conditions falling between the poorest and the wealthiest. In these households formal education would equip the mother to make better decisions about the allocation of limited resources to the benefit of her children.
METHODS
The objective of this analysis was to determine in which socioeconomic strata education could be shown to have an effect on nutritional status, and then to compare the effects among the strata, to see if the differences in effect were significant. Required therefore, were measurements of child nutritional status and maternal formal education, and the division of the population into socioeconomic strata. The identification of associations between maternal education and child nutritional status in any or all of the socioeconomic strata would not be sufficient to answer the question at hand. Only with the further identification of the existence of a significant interaction between socioeconomics and maternal education would a positive conclusion be adequately supported.
Population and Data Collection
In 1990 Rapid Rural Appraisal (RRA) methods" were used to conduct a cross-sectional study to assess food security and nutrition problems of preschool children in the District of Ouidah in the southern part of the Republic of Benin. Twenty-three head villages and approximately one-third of their affiliated hamlets were selected using stratified purposeful sampling to ensure geographical representation spanning the district, representation of the full range of participation in the most important income-generating activities (poor to very good), and the inclusion of at least 50% of the villages in each of three ecologic zones. 12 Three teams, each working in one of the ecologic zones, conducted the initial survey. Interviewers selected households as they walked from a central starting point, and 906 children <3 years of age were weighed. Characteristics of each child such as birth order and paternal ethnicity (Fon,Yoruba, Mina, Ahwlan, or Other) were recorded. For those children with birth records (39%), age was calculated, and in the absence of birth record, the age given by the child's caretaker was recorded.
Wealth ranking of the households in each hamlet was performed by three local informants. Each informant sorted cards with names of household heads into piles according to the wealth of the households. The study teams later consolidated the informants' household rankings and criteria for categorization and assigned each household an SES of high, middle or low according to its relative ranking within the hamlet. 12 In early 1991 six interviewers returned to Ouidah to gather information about maternal characteristics and knowledge and practices related to health and nutrition. At that time, mothers of 708 (78%) of the children weighed during the RRA from 489 households were successfully located and interviewed. A description of training procedures, a copy of the questionnaire and a summary of responses are available elsewhere. 10 The maternal attributes of age, ethnicity, level of attainment in the formal education system, and marital and reproductive history were recorded.
In this analysis, only the 435 children aged ;sl2 months were included because the younger children were in a period of growth failure characterized by rapidly declining weight-for-age z-scores. 10 In some analyses, only 386 of the children whose mothers had attended school for <5 years were included.
Variable Construction
Education. A categorical variable with five coded values (0-4) indicated the level of schooling attained by the mother: 0, 1-2, 3-4, 5-6, or >6 years of schooling.
Nutritional status. Child weight-for-age standard deviation scores (z-scores)' 3 were calculated using the Center for Disease Control's Anthropometric Package with the US National Center for Health Statistics medians as reference.
14 Socio-environmental status. Certain economic, ecologic, and infrastructural characteristics of each village may affect the growth of all children resident in that village. Within a village environment the relative wealth of the family to the child would also be reflected in growth. The use of village and wealth categorizations together could allow an assessment of the contribution of socio-environmental conditions (village and relative wealth within village) to the children's relative growth status, as reflected in the weight-for-age z-scores. This assessment was made using a regression of these z-scores using indicators for village of residence, the household SES level as derived from the village wealth-ranking, and an interaction of village SES as predictors in the model:
education on child nutritional status across the socioenvironmental groups were performed using two-way interactions of the education variable with socioenvironment in a multivariate regression model of the form:
where Z was the z-score, Vj were the village indicators and W the wealth rankings: 3 for high SES, 2 for middle, and 1 for low. This model considered the variation in nutritional status of the children from village to village due to the difference in overall conditions within the community by including V : as well as variations in the range of difference between households in the wealth groups within the village by including the interactions W x Vj. The unadjusted R 2 value indicated that 17.5% of the variance in z-score was accounted for in this manner. The values predicted by this model, Z p , represent the children's expected weight-for-age z-scores, given the village of residence and the wealth ranking of the household. Note that all children in the same village with the same wealth ranking within the village would have the same predicted Z p . Using this model, those children living in a village and at a level of wealth most favourable to good nutrition would have the highest predicted z-scores, and those living in the environment least conducive to good nutrition would have the lowest predicted z-scores. In order to partition the group into three socio-environmental groups which would reflect the relative conditions across the entire sample, the third of the children which came from those villages and level of wealth producing the highest Z p s were allocated to a high socioenvironment group, the third with the next highest Z p s to a middle socio-environmental group, and the third with the lowest Z p s to a low socio-environment group. The division into thirds is approximate because groups of children with identical Z p s were not split.
When the reduced sample of 386 children whose mothers had attended school for <5 years was examined, the socio-environmental ranking was derived using this process considering only those 386 children.
Analytical Methods
Differences in the characteristics of the children and women in the three socio-environmental groups were explored using one-way ANOVA tests for continuous variables and y} tests for categorical variables.
Testing for differences in associations across socioenvironments. The associations of maternal education with child nutritional status were tested using univariate regressions within each socio-environmental subgroup. Tests for differences in the effects of maternal
where: Z was the child weight-for-age z-score, E was the continuous variable of education; S H and S L were dummy variables representing the high and low socioenvironmental groups. In this model, the high and low groups were compared to the middle group: b, described the effects of education on child weight in the middle socio-environmental group, the sum, b, + b 4 , described the effects in the high socio-environment, and b, + b 5 described the effects in the low socioenvironment.
Using S H and S L to predict Z, the same variable from which they were ultimately derived, may appear to employ a circular argument. However, it is not the relationship of S H and S L to Z that is of interest in this paper, but rather that of education to Z. S H and S L were only used as blocking variables to stratify the population into three socio-environmental segments to contrast the education to Z relationship across socio-environmental categories. Statistical considerations. Because the use of degrees of freedom based on the number of children to test associations involving maternal characteristics could lead to an overestimation of effects, F-tests were performed to verify the associations of maternal education in the group of children of mothers with <5 years of education using degrees of freedom reduced to the number of mothers. There were 367 mothers for these 386 children: 120, 121, and 126 in the low, middle, and high socio-environment groups, respectively.
Main effects across groups and regression coefficients within groups were regarded as statistically significant with P < 0.05, and interactions with P < 0.20. 15 Results of two-tailed significance tests are given unless specified otherwise. All statistical analyses were conducted using SPSS/PC+ version 4.0.
Testing for confounding. To test confounding in this analysis it was necessary to verify that there was no other characteristic of the mothers, children, or the environment which improved child weight in the intermediate socio-environment group but could not produce a similar effect in either the lower or upper socio-environments. This required a test involving an interaction of each potential confounder with socioenvironment. Equation (3) was used to control for confounders as follows:
maternal age at the delivery of her first child, were not considered for confounding.
Confounding was defined as a change in statistical significance of the regression coefficients weight-forage on education. Also, variables whose entry effected a change in the magnitude of a non-significant coefficient of education by more than an absolute value of 0.02 or a significant coefficient by more than 0.04 were considered to be potential confounders.
where: C was the potential confounding variable. Ecologic zone was tested. The maternal characteristics tested were: ethnic group, age, number of live births, number of live children, marital status (married/ unmarried), and history of previous miscarriage (yes/ no). The child level variables tested were: age, sex, verified birth date (yes/no), birth order, paternal ethnic group, and twin (yes/no). Measured variables that would mediate the effect of education on child nutrition, such as maternal health and nutrition knowledge and practices and expectations for the child, and variables that were affected by maternal education, such as the number of the mother's children who had died or RESULTS Apart from the expected differences in weight-for-age, there were no statistically significant differences across the three socio-environmental groups in the maternal or child characteristics (Tables 1 and 2 ) except for ethnic composition and verified birth records.
Education and Nutritional Status
A statistically significant linear relationship existed between maternal education and child weight in the middle socio-environmental group (regression coefficient, b, = 0.23; P < 0.01). According to b 4 and b 5 in equation (2) , this relationship differed significantly of children and mean z-scores by maternal attained education and socio-environmental group (n = 435) An examination of the mean z-score values at the five levels of maternal educational attainment in the three socio-environments (Table 3) , however, revealed that a linear model incompletely described the associations between education and child nutritional status. While the mean of child z-scores generally improved with increased maternal education to Level 3, it dropped significantly in the highest categories of educational attainment.
Level
A second-order quadratic term for education in interaction with socio-environment provided a better-fit model for the relationship between child z-score and maternal education. While this test similarly supported the study hypothesis by showing that maternal education and child nutritional status were significantly associated in the middle socio-environment and that this association was significantly different from non-significant associations in the high and low groups, the quadratic model suggested that there were different mechanisms at work at higher levels of maternal education than at the lower levels. Thus the a priori equation (2) described the data only in the lower levels of maternal educational attainment (Levels 0-2).
We therefore re-examined equation (2) with the 386 children whose mothers had attended <5 years of school. In this subsample, level of education had a significant positive linear relationship (b = 0.47) to child weight-for-age z-score in the middle socioenvironmental groups ( Figure I ) in contrast to the non-significant, flat relationships in the high (b = 0.15) and low (b = -0.01) groups. Table 2 shows that the interactions that test the slope of the low and high groups against the regression coefficient of the middle group were statistically significant. None of the variables tested were found to be confounders of associations within or between the low and middle socio-environmental groups or within the high socio-environment as judged by the lack of changes in the magnitude of the coefficients, with one exception. Including an indicator for twins in equation (3) increased the coefficient of education for the low socioenvironmental group from -0.01 (= 0.47 -0.48) to +0.06 (= 0.43 -0.36), a slope so close to zero (P > 0.72) that the confounding can be judged insignificant.
The slopes of the interaction between the high and middle socio-environmental groups lost statistical significance when the following variables were entered into equation (3): maternal age, number of live births to the mother, and twin.
DISCUSSION
The major findings from this study were that maternal education through 4 years of schooling was associated with improved child weight-for-age in the middle socio-environmental group but not in the high and low groups, and that maternal schooling beyond 4 years was negatively associated with child weight.
There were a number of factors in the data gathering that could have introduced imprecision including unverifiable birth dates for many children, the use of a non-random cross-sectional sample, and the reliance on weight-for-age as the sole indicator of child nutritional status. Furthermore, the initiation of household sampling within hamlets from a central location thereby including more households characterized by a central position in the villages, the low number of educated women, and child nutritional status almost entirely in a range of mild to moderate malnutrition were factors which reduced the heterogeneity of the sample. Both imprecision and reduced heterogeneity decrease the power to identify significant regression coefficients in equation (2), but the detection of statistically significant coefficients (Table 2) indicated that power was nevertheless sufficient.
Some of these sources of imprecision and other factors could also have introduced biases that confounded the relationship between education and weight-for-age. Results of the tests for biases due to measured variables effectively showed no such confounding. The basic finding that the effects of maternal education were less in the higher socio-environment than in the middle group conforms to the a priori hypothesis. The most likely reason for the apparent instability of the measured association in the higher socio-environmental group is that education could have had some effect because the mean z-scores still showed some degree of malnutrition.
As discussed earlier, the use of Z p as the basis of the socio-environmental indicator might cause concern since Z p was derived in part from and was correlated (r = 0.43; P < 0.001) with the outcome variable of this study, the z-score of child weight-for-age. This could not, however, lead to spurious statistically significant findings relating to education. Z p can be interpreted as capturing only that portion of the children's z-scores that could be accounted for by village of residence and relative household wealth within village. The original z-score also contained this information but additionally contained information about other determinants, including education.
Finally, the use of a non-random sample limits the generalizability of the variables' parameters in Tables 1  and 2 . However, none of these biases are likely to affect the inferences observed in these analyses ( Figure 1 and Table 4 ) because it is difficult to think of mechanisms that would be different in the general population of the Ouidah District. Results of the previous analysis of this data, which gave no consideration to socio-environmental factors, showed that maternal education was positively associated with child nutritional status. 10 The results of this re-analysis demonstrated that the effect of maternal education was limited to only a segment of the population.
The conclusion drawn from this study is compatible with findings of Bairagi, 8 Solon et al? and Doan, 9 who showed education's effects on child growth is less relevant when resources are either inadequate or more abundant. In this study population, however, as evidenced by some instability of the association of education and child weight in the highest socioenvironmental group and the poor nutritional status of the children in the relatively 'best' environment, in Ouidah, conditions may not be adequate to completely override all effects of maternal education.
Maternal education beyond the fourth year of school appeared to relate negatively to the children's weight. No data collected in this survey gave a clue to the reason for this phenomenon; however, speculation based on personal observations by the original investigator (CN), suggested that this could be the result of the women's participation in market activities. The women in this district were increasing their participation in such activities, and he feels that the most highlyeducated women would be more inclined toward and more capable of activities of this nature. No consistent pattern of a negative or a positive relationship between women's work and child nutritional status is apparent in the current literature.
16 While expected to produce positive effects by increasing family income and maternal self-esteem, work may have a negative effect by reducing the woman's time available for child care. Studies have shown that the deprivation of maternal inputs may adversely affect child welfare, especially those aspects that require large quantities of the mother's time.
From observations made by the original investigator, in these rural communities, no formal child care facilities existed, some women were working away from their homes for extended periods, and their children were frequently left in the care of an older sibling. Few studies have explicitly considered the age of substitute child caretakers relative to child nutritional status, but those that did consistently found that children who were cared for by an adult had better nutritional status than children cared for by another child.
18
Further investigation into this situation is warranted. At lower levels of education the study hypotheses were confirmed that mothers' education could be associated with child nutritional status in that portion of the population which had sufficient, but not (relatively) abundant resources.
POLICY IMPLICATIONS
In the long term, formal education for young girls, at least through the primary level, should serve to better the condition of the children of future generations who are raised in conditions similar to those found in the middle socio-environment. However, since mothers are past the age for schooling this is not a solution for the short term. More study is necessary in order to clarify how education is benefiting the women in this group. Ruel et al. 4 found that education positively affected their whole sample but by different mechanisms in two socioeconomic groups. 4 Once pathways of effect are understood, action can be initiated to improve the specific knowledge or skills associated with formal education that were enabling the mothers to care better for their children in the conditions of this socioenvironmental sector.
The unexpected evidence of negative effects of higher education in this population warns of the danger of promoting maternal education without understanding the context and manner in which it will be applied. Education to these levels of attainment was apparently associated with a change in women's status and/or behaviour which was negatively affecting their children's condition. The speculation concerning the absence of adequate alternate caretakers for children of mothers working in the market and other possibilities should be investigated. Only after the situation is better understood, can appropriate intervention be explored and initiated. This observed negative association of high education and child nutritional status should not be used to support policies which would limit girls' education; it merely highlights the need for further investigation to understand what should accompany women's education in order to enable them to use effectively that education to benefit their children.
